With the use of a new diagrammatic formulation, two coupled integral equations for the self-energy functions of the f hole and f particle in the asymmetric degenerate Anderson model are solved numerically. All the diagrams are included in the equations except the cross terms (or the vertex correction). The results for the spectral density function and the magnetic susceptibility show the scaling property described by the renormalization-group theory.
A better way is to use W ' as a small parameter and make a 1/N expansion. '6 In Ref. 4, we have calculated the ground-state properties by using a 1/N series of self-energy functions S and T, The series quickly converges in the mixed-valence regime where ef is not very negative (the Fermi energy is set to be zero). As the 1/N expansion is a perturbative method of summing up diagrams in 1/N order.
It is well known that in the Kondo regime the infrared divergence cannot be eliminated by this kind of perturbative approach. The approach described below overcomes this difficulty.
If we neglect the vertex correction (or the cross terms4) in the absence of a magnetic field, the self-energy functions 5 and T satisfy the following integral equations:4'
where 2D is the bandwidth and a flat density of states has been assumed, For convenience, we take units XA =1 in this paper.
We have solved the integral equations (1) and (2) Fig. 2 the spectral density function R (r0) for curves C and D shows only one peak at~= e~, which is always positive.
The peak is rather symmetrical and Fig. 2 disagree with the sum rule. If we ignore the peak at co=0 and just assume a Lorentzian centered at 8& having width (1 nJ)7r/N, the-n fairly good agreement with the sum rule at co = 0 is obtained.
For very negative~y , the system is in the Kondo regime.
At moderate temperature, both functions x -ReS(x -I'5) and x -eJ -ReT (x -eJ -I'5) have only one root E02 and E -l ef, respectively, and Ep2) E + e&. The physics is controlled by the magnetic states~I ) . The numerical results show that the effective~~, i.e. , e& --E +ay -Ep2, 0.6 0. 4- Table I for numerical values.
satisfies the scaling equation
The values of ef' for curves A and B in Fig. 1 are listed in Table I . At a temperature T,tt=~ef'~/ct, the system changes from a free orbital regime to the local moment regime where TX/(g ptt) approaches J(J + 1)/3, as shown in Fig. 1.
As the temperature decreases below the Kondo temperature, the function x -ReS(x -i8) has two more roots Eo Because the peak at co=E +of -Eo is very close to co=0, the effect of neglecting cross terms exhibited by the very small unphysical peak at co=0 in curves C and D of Fig. 2 is not found here. In fact the prediction of Friedel sum rule, R (0) = 0.11 for curve B in Fig. 2 and R~(0) =0.2 for curve A in Fig. 3 , agree very well with the numerical results R (0) = 0.11 and 0.21, respectively.
In summary, we have numerically solved two coup1ed integral equations for the f-hole and f-particle self-energy functions S(x -i8) and T (x -i8), respectively. The scaling property of the Anderson model is clearly exhibited in our result of magnetic susceptibility and the spectral density function.
